The use of intravenous recombinant tissue plasminogen activator (IV-tPA) is recommended for patients with acute ischemic stroke (AIS) who arrive to hospital with a known onset time of ≤3.5 hours and no known contraindications ([@R2]; [@R18]). For every minute the brain lacks blood flow, it is estimated that 1.9 million neurons die ([@R33]). Although fibrinolysis can reduce brain cell loss and improve clinical outcomes, the benefits of treatment decrease with increasing delays from time from stroke onset to treatment ([@R20]; [@R21]; [@R26]).

A variety of interventions aimed at reducing delays in IV-tPA administration for eligible patients with stroke have been investigated ([@R13]; [@R14]; [@R27]). The "TARGET: Stroke" initiative (American Heart Association & American Stroke Association, 2012) is a collaborative quality improvement effort aimed at improving the timeliness of IV-tPA delivery ([@R15]). Despite these efforts, IV-tPA within 60 minutes of arrival is not universal ([@R25]). To date, no tools have been developed to help hospitals or health systems define reasons, customized to their institution, for failure to deliver timely stroke treatments and identify targets for quality improvement.

The purpose of this study was to develop a simple instrument to measure hospital readiness to rapidly treat AIS and administer IV-tPA within 60 minutes of patient arrival to the emergency department. This instrument will be essential for hospitals that wish to efficiently identify specific areas for quality improvement.

Methods
=======

After institutional review board approval, the study team developed a comprehensive list of questions deemed relevant to understand how hospitals provide care to patients with AIS. This process involved several key steps. First, a qualitative study was completed to assess the domains of interest. The first step in this process has been reported ([@R30]). Briefly, "top-performing" hospitals achieving high rates of early IV-tPA were identified through a query of the "Get With The Guidelines-Stroke" (GWTG-Stroke) data set. E-mails were sent to the stroke personnel, who were identified in the GWTG-Stroke database as being the primary contact at each hospital and asked to participate in a qualitative study. Five domains (communication and teamwork, process, organizational culture, performance monitoring/feedback, and overcoming barriers) were identified ([@R30]).

The second step was to develop a comprehensive list of statements to be included in the instrument. A set of 56 individual statements were developed based upon the domains identified in the qualitative analysis. Concurrent to the qualitative analysis, a 24-question survey was developed by members of the "TARGET: Stroke" team. Hospitals participating in the "TARGET: Stroke" initiative were instructed to complete the survey electronically. The 24 questions from the online survey were reconstructed as statements and added to the instrument. After removing duplicate statements (17) and eliminating a free-text response question, the instrument containing 67 questions was reviewed for content by four expert clinicians in stroke research.

Each of the statements were then refined, and Likert responses were added for each statement. Scoring for each item is based on the following: 5 = *strongly agree*, 4 = *somewhat agree*, 3 = *neutral*, 2 = *somewhat disagree*, and 1 = *strongly disagree*. Four of the items (25, 35, 36, and 56) should be scored inversely (e.g., strongly disagree is scored "5" instead of "1") as they are negatively correlated with early IV-tPA. This tool was sent to stroke neurologists (*n* = 4) and stroke coordinators or advanced practice nurses (*n* = 6) who were considered experts in the field. After incorporating their comments, the survey was field tested in a telephone interview format with community hospital medical and nursing staff. After additional refinements for clarity, the 67-item survey questionnaire was finalized.

Population and Sampling Method
==============================

Using GWTG-Stroke performance data, a sample of 300 hospitals were selected according to their ranking in percent of eligible patients receiving IV-tPA within 60 minutes of hospital arrival (including 100 hospitals with the highest percentage, 100 midrange performers, and 100 of the lowest performers). Contact information for the stroke coordinator or stroke program manager was obtained from the American Heart Association, and hospitals were contacted first by E-mail and, second, by follow-up telephone call to request participation. Each hospital could elect to have the telephone questionnaire completed by any member of the stroke team with adequate knowledge of emergency care at that hospital. Given that the sample covered the entire United States, telephone interviewing was selected for survey response based on the ease of use and high agreement with face-to-face sampling techniques ([@R22]; [@R35]). For hospitals that opted out or never responded to the E-mail request for participation, a replacement hospital was selected as the next highest/lowest/median performing site.

Between March and December 2011, hospital representatives at the 252 selected GWTG-Stroke hospitals across the United States completed the telephone survey. The data from the survey were converted to SAS v. 9.2 for statistical analysis. A quality check of the data entry process into Access was performed on 10% of the records and resulted in an error rate of \<0.03%.

Analysis
========

Exploratory factor analysis was used to explore the 67-item instrument. Eight items were removed before the factor analysis because they had no variation (five items) or less than 2.5% variation (three items) in response. An unweighted least squares factor analysis with orthogonal rotation was performed on the remaining 59 questions. Estimates of communalities were calculated using the squared multiple correlation between variables. A scree plot was created to determine the number of factors to retain (Figure [1](#F1){ref-type="fig"}). After the number of factors was determined, the rotated factoring results were used to sort questions into factors, and questions with loadings greater than .30 (or less than −.30) were deemed important. Finally, Cronbach's alpha was explored to further reduce the number of items.
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Results
=======

Thus, 252 of the 300 (84%) telephone surveys were completed between August and December 2012. Surveys in which there were \>10% of responses missing (*n* = 5) were excluded leaving 247 hospitals in our final analysis populations (Table [1](#T1){ref-type="table"}). The factor analysis identified four factors and 33 items; checking Cronbach's alpha eliminated an additional four items. The final instrument is 29 items (Cronbach's alpha = .818) that are associated with hospitals that had a higher percentage of IV-tPA use within 60 minutes (Table [2](#T2){ref-type="table"}).
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Characteristics of Participants' Hospitals
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###### 

Factors and Loadings
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Factor 1---"stability"---includes 10 items (nine items with positive loadings and one with negative). The positive factor loadings for this factor ranged from .33 to .56, and the negative loading was −.50. The items included in this factor generally address temporal concerns associated with maintaining a stable workflow process. Multiple parties involved in emergency stroke management are included in this factor, which include education, quality improvement and management, and the need for a backup plan.

Factor 2---"shared goals"---includes nine items. The factor loadings for this factor ranged from .30 to .60. The items included in this factor generally address the goals of the institution and describe commitment to those goals by management as well as by the stroke team. The items address agreement around the institutional goals and the methods for tracking patient-level data to ensure that time frames are met by the team. The actions of various team members are evaluated within the context of the shared goals of the entire team.

Factor 3---"preparedness"---includes nine items. The factor loadings for this factor ranged from .30 to .61. The items included in this factor describe workflow processes and adequate facilities to support care of the patient with stroke. Items associated with preparedness begin with the Emergency Medical Services (EMS) prearrival communication that precipitates action by the hospital team.

Factor 4---"family"---includes only one item with a positively correlated factor loading of .82. The item included in this factor is a statement about the importance of allowing the family to remain with the patient during assessment and treatment.

Discussion
==========

The goal of a condensed instrument to assess hospital readiness for rapid IV-tPA administration to eligible patients with ischemic stroke was accomplished. We developed a 29-item survey instrument with four factors. Early testing of this instrument indicates that higher scores are indicative of higher readiness to meet the measure of IV-tPA within 60 minutes of arrival for eligible AIS. This tool can be used to discover areas for improvement in a hospital or system looking to increase percentage of eligible patients receiving early thrombolytic therapy in AIS. The four factors identified in this analysis (stability, shared goals, preparedness, and family) complement an earlier qualitative analysis, which identified five domains associated with early IV-tPA administration ([@R30]).

Stability was the only factor that included both positively and negatively correlated items. This factor most closely resembles the process domain identified in the qualitative study ([@R30]). The items address reducing practice or process variation through standard protocols, ongoing education, and review of the team's performance to optimize patient care. The concept of process variation was first introduced by Deming and has since become an established goal in quality improvement ([@R4]; [@R29]). Documenting variations in systems and personnel performance can identify areas of inefficiency and provide guidance as to where system redesign is beneficial ([@R5]). Creating clear processes and training staff on their use can then reduce likelihood of errors and improve outcomes. [@R32] explored a concept with similar constructs and noted that team adaptability allows the team to recognize variation from the standard and make changes accordingly.

The shared goals factor incorporates elements from two domains identified in the qualitative study: (a) communication and teamwork and (b) organizational culture. Elements addressed include institution-wide agreement on goals, team meetings to review whether goals were met, coordination across departments, and personal responsibility to the team. These findings extend the shared mental models theory of team cognition ([@R16]; [@R24]). The foundation for shared mental models, which is largely derived from military team training ([@R19]), has been extended to healthcare, most recently in the TeamSTEPPS program ([@R11]; [@R12]; [@R34]).

Preparedness included items that described the ability to quickly and easily move the patient through the stroke process beginning with the EMS encounter. The qualitative domain of performance monitoring and feedback also addressed the ability of the system to be ready to respond. Much of the preparedness factor revolves around the relationship or plan in place to be acted upon before the patient arrives to the hospital. This is consistent with prior recommendations from the American Stroke Association ([@R1]). Systematic preparedness is substantiated through integrating EMS into the hospital stroke team protocols, performance measures with frequent and meaningful feedback on the measures, and ongoing collaboration between EMS and hospital providers. Literature indicates that preparedness not only decreases delays in treatment but also increases the proportion of appropriate patients receiving reperfusion therapy ([@R6]; [@R7]). The one item included in the factor for family addressed both allowing and encouraging the inclusion of family. This is supported by [@R30] in their discussion of the process domain, which includes family as part of the care process team. Having family in attendance is important because they can give information on the patient's history and medications and last known well time ([@R17]). Family members may also provide consent for IV-tPA treatment if the patient is unable to respond. In addition, educating family members during the acute phase of stroke care on the patient's condition, discharge medications, and community resources helps prepare the family for the patient's transition to home and reduces the impact of inadequate handoffs to other providers ([@R8]). Evidence-based practice now supports open visitation models that incorporate family as partners in the acute care of patients ([@R10]).

The effort to reduce door-to-needle times for AIS is a quality improvement initiative. As [@R15] note, key strategies to provide early IV-tPA include emergency medical service prenotification, efficient activation of the stroke team, rapid assessment, use of standard protocols, premixing tPA, a team-based approach to providing care, and rapid data feedback. Prior work in performance improvement identified key factors for success including (a) credible performance benchmarks; (b) rapid and on-going feedback on performance, (c) a plan of action using locally designed measures, (d) staff buy-in, (e) management support, and (f) a learning culture ([@R9]; [@R28]; [@R31]).

One surprising finding was that the qualitative study identified a domain of "overcoming barriers," but this domain did not link directly to a singular factor. There were two items (numbers 21 and 40) in the stability factor that at least partially focus on addressing barriers. Recently, [@R23] noted that education, support (management), and regular meetings are keys to overcome barriers to change. Given that there are items in the stability and shared goals factors that specifically address education, support, and meetings, we propose that overcoming barriers are integrated within these two factors.

Limitations
===========

There are several limitations that must be recognized. The instrument was developed only using input from hospitals that were participating in GWTG-Stroke. Stroke care is a moving target, and hospital teams who responded to the survey may not be representative of all hospitals; an expanded instrument may be more appropriate for non-GWTG-Stroke hospitals. It is likely that these hospitals have already begun to put into place specific things to reduce door-to-needle times. For example, the statement "We have an order set or stroke pathway that we follow for our stroke codes" was eventually excluded. This does not mean that stroke pathways are not important. Rather, if all GWTG-Stroke hospitals have pathways and agree that pathways are important, then the statement is excluded from the factor analysis because it does not discriminate early IV-tPA administration.

The survey participants were identified as the point of contact for GWTG-Stroke. The survey asked participants to rate their level of agreement, and there is no mechanism to ensure that a different practitioner at the same hospital would have responded exactly the same for each item. Finally, because four of the items must be scored inversely, it may be confusing to some practitioners. Future work on this instrument should explore if these items could be rephrased to facilitate scoring.

Conclusion
==========

We have developed the first instrument for assessing hospital readiness to administer IV-tPA within 60 minutes of patient arrival to the emergency department. This analysis supports the initial validity of an instrument to assess components of care associated with the early administration of thrombolytic therapy for patients with AIS. Additional instrument development and testing will determine if this instrument applies for other reperfusion therapy (i.e., mechanical thrombolysis).
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